Details of the sequential morphological changes occurring during yeastlike to mycelial-form conversion of the dimorphic pathogen Paracoccidioides brasiliensis are described and illustrated by photomicrographs. Conversion of yeastlike to hyphal morphology was initiated by changing the temperature of incubation from 37 to 23 C. Production by the parent yeastlike cells of elongated buds developing into hyphae started to be conspicuous after 24 hr of incubation at 23 C. After 120 hr of incubation, growth was almost exclusively filamentous. Direct transformation of parent yeastlike cells into hyphae was not observed. Dry weight increased continuously during the conversion process in spite of the gradual disappearance of the parent yeastlike cells. Concurrent studies showed that changes in ribonucleic acid and deoxyribonucleic acid content per unit dry weight are about the same whether the yeastlike cells are undergoing conversion at 23 C or growing normally at 37 C, and that deoxyribonucleic acid synthesis is apparently required for bud formation in both cases.
Paracoccidioides brasiliensis is a dimorphic fungus which grows in a yeastlike form (Y-form) at 37 C and in a mycelial form (M-form) at room temperature (7) . Some studies have been made on the morphological changes occurring during the conversion of the Y-form to the M-form and vice versa. Carbonell and Rodriguez (2) made detailed observations by light microscope on the Mform transformation into Y-form on solid media and in tissue, but their observations were only scantily extended to the converse process. More recently, Carbonell (I) described the ultrastructural changes taking place during the interconversion of the two morphogenetic patterns. However, many questions regarding the conversion process of either form of P. brasiliensis remain unanswered. It is the purpose of this paper to present a series of sequential observations by light microscope on 
RESULTS
Micrography of Y-form to M-form conversion. A series of sequential observations by light microscope on the morphological development of hyphae from the Y-form of P. brasiliensis growing in a submerged culture is presented in Fig. 1 . After 12 hr of exposure to a temperature of 23 C (Fig. IA) , the yeastlike cells continued to be round and were undistinguishable from those used as inoculum. Bud formation started after 24 hr (Fig. IB) . A large number of elongated buds were observed around yeastlike cells after 36 hr (Fig. IC) . These elongated buds had a larger diameter than average normal hyphae. Figures I D and I E, corresponding to 48 and 60 hr, respectively, show how the bud elongation leads to normal formation of hyphae as the conversion process continues. Finally, a great majority of normal hyphae were seen after 120 hr (Fig. IF) .
Figures IA-F represent the typical conversion stage of the yeastlike cells at the time each photomicrograph was taken. Nevertheless, some of these photomicrographs show very clearly the lack of synchrony in the initiation of the conversion process. Thus, after 48 hr (Fig. 1D) , an isolated "normal" yeastlike cell can be seen together with other yeastlike cells bearing elongated buds, whereas cells of the latter type were found mixed with normal hyphae after 120 hr (Fig. IF) . The presence of disintegrating yeastlike cells is also apparent in some of the photomicrographs (Fig.  I D-F) .
Dry-weight changes during the Y-form to Mform conversion. In spite of the gradual disappearance of the parent Y-form cells, there were no losses of dry weight during the first 5 days of the conversion process ( Fig. 2A) . Dry weight increased only slightly during the first 48 hr, but afterwards a steady increase was observed. Preliminary experiments, in which the inoculum was Y-form cells with only two transfers to liquid GGY medium after removal from Mycosel agar, showed a slower rate of growth after the first 2 days and very variable data after the sixth day. A persistent decrease was also noticed in dry weight around the seventh day, followed immediately by a resumption of growth.
Changes in nucleic acid content during the Yform to M-form conversion. The data on the total amount of RNA and DNA at each point of the transformation process are presented in Fig. 2A . The total DNA curve shows a pronounced rise during the first 12 hr, with no corresponding increase in dry weight, and then it follows the contour of the growth curve up to the fourth day. The total RNA curve exhibits a slight enhancement during the first 24 hr, followed by a rapid rise during the next 24 hr; thereafter, it increased with a variable slower pace. The total RNA curve shows more variation than the total DNA curve. This can be seen better when the content of each type of nucleic acid is expressed on a dry-weight basis (Fig. 2B) . A well-defined maximum in the concentration of RNA was observed 2 days after inoculation. The concentration of DNA showed a slight broad maximum around the first day, which coincided with the initiation of bud formation (Fig. IB) (6) , and there is evidence that they act in the same way on the Y-form of P. brasiliensis (Ram'irez Martinez, unpublished data). More recently, Carbonell (1) described the ultrastructural changes occurring during the Y-form to M-form transformation of P. brasiliensis in a submerged culture without antibiotics. These previous studies are complemented by the data presented in this paper.
Details of the sequential morphological changes during the process of conversion of Yform to M-form in P. brasiliensis have not been reported previously. The photomicrographs taken at various time intervals have shown the gradual conversion of yeastlike cells to normal hyphae during a 5-day growth period at 23 C. It is of interest to note that the initiation of budding can be observed after 24 hr in submerged cultures as well as on solid media (2). However, the yield of elongated buds per converting yeastlike cells tends to be higher in submerged cultures than on solid media (2) . It should also be mentioned that no evidence was found for the direct transformation of the parent yeastlike cell to a hypha enclosed between two septa as suggested by Carbonell and Rodr'iguez (2) . The overall observations are consistent with the idea that hyphae are developed from elongated buds and that the spherical Y-form cells die and disintegrate (1) . It is also apparent that fungus growth during transformation is a continuous process in spite of the gradual disappearance of the parent yeastlike cells. The growth inconsistency observed in transformation experiments with a Y-form inoculum recently removed from solid medium containing antibiotics (Mycosel agar) has also been found in the Y-form growing at 37 C (Ram'irez Martinez, in press).
To obtain information about the relationship between morphological and biochemical changes occurring during the Y-form to M-form conversion process, simultaneous measurements were made of the content of nucleic acids. Changes in the RNA and DNA concentration in yeastlike cells undergoing transformation at 23 C were very similar to those observed in yeastlike cells growing normally at 37 C (Ramlrez Martinez, in press). Initiation of budding leading to the formation of hyphae in the Y-form to M-form conversion coincides with the slight but significant increase in the concentration of DNA observed during the early stages of growth. That nuclear multiplication precedes budding in yeastlike cells of P. brasiliensis growing at 37 C has been reported by Drouhet and Zapater (3) . It would therefore appear probable that DNA synthesis is required for bud formation in both transforming and normally growing yeastlike cells. However, it cannot be ascertained from the present data whether the metabolic events occurring before and during budding are the same for both conversion and normal growth of yeastlike cells of P. brasiliensis. A better understanding of the relationship between the morphological and biochemical events may provide an insight into cellular control mechanisms that are involved in fungal dimorphism.
